. The method is faster than the conventional FDTD but the accuracy is poorer. In this paper, we propose a new algorithm with high order characteristic. The efficiency of the new algorithm is tested and compared with the efficiency of high order FDTD method by some numerical experiment. Experimental result shows that the method is faster and has higher accuracy than the higher order FDTD method.
I. INTRODUCTION
Numerical simulations have proven to play a major role in science and technology. The method has "boast-up" research and industrial development in so many fields. The demands of advanced wireless communication devices have increases the need of tools that facilitate research and development in the field of electromagnetic. The finite difference time domain (FDTD) method is one of the most popular tools in simulating electromagnetic problem. The method covers a wide range of applications [1] , such as antennas, wireless and wired communication, high speed electronic circuit, biomedical, semiconductors and etc. All of those problems are solved via Maxwell equations [1] .
II. SOME RECENT RESEARCH An FDTD approximate Faraday and Ampere's laws up to second order accurate in time and space. The method was first proposed by Yee [2] . Yee used an electric and magnetic field, which was offset both spatially and temporally from a magnetic and electric field grid to obtain update equations that yield the present fields throughout the computational domain in term of past fields. The method was further developed [1] in various applications. This method is the most commonly used to solve problem in time-domain because of its simplicity and directly adapted to homogeneous problem. Since then, the method has become one of the most powerful Maxwell equations solvers of electrodynamics.
The algorithm simplicity, robustness, and potential for high complexity have attracted most researchers in computational electromagnetic field. However, there are drawbacks in the method. One of the drawbacks is it needs a long processing time to simulate problems.
To increase the speed of FDTD method, Hasan et al. ([3] , [4] , [5] & [6] ) propose a method call High Speed Low Order FDTD. The method has been proven to compute faster than the conventional FDTD but reduce some small amount of accuracy. Other researchers apply higher-order technique in FDTD method in coarser grid ( [7] , [8] and [9] ). They developed a second order accuracy in time and fourth order in space. Result show that the higher-order method reduces the numerical dispersion and has improved stability. The implementation of higher-order truncation to Maxwell equations increase the complexity of the method, however by solving the problem in coarser grid will increase the speed of the processing time. Another approach is by taking advantages to advances in multiprocessor technology [10] . They apply the algorithm to connection machine.
In III. THE PROBLEM Maxwell equations for free space are given as follows.
where E x , H y , ε 0 and μ 0 are the electric fields, magnetic fields, electric permittivity and magnetic permeability, respectively. For one-dimensional case using E x and H y , equations. (1) and (2) become
These are the equations of a plane wave with the electric field oriented in the x-direction, magnetic field in the y-direction, and traveling in the z-direction. For further details, see [1] . 
IV. THE METHOD
The "big-Oh" function indicates the truncation terms, which are not shown. If "h" is sufficiently small, a reasonable approximation to the derivative may be obtain by simply neglecting the terms, which are represented by the "big-Oh" function.
Let consider Ampere's law at the space-time point (mΔz, qΔt)
The finite difference equation for (6) is given by The update equation represent by equation (7) is an explicit equation for the E x field. It is a generic equation, which can be applied to update any electric field node inside the solution domain.
By following the same procedure as before, we develop finite difference equation for Faraday's law at the space-time point
which is given by equation (8) . The equation (8) is the update equation for the H y field, which can be applied to any magnetic field node in the solution domain.
In this paper, equations (7) and (8) with g=3, will be used to solve problem in solution domain given by Fig. 1(b) with the black squares and circles are the magnetic and electric fields which have to be solved in the main WAHSHO(3)-FDTD algorithm. The remaining uncalculated nodes, which are the white square and circle will be solved later only at T after the entire black node have been calculated with a method that will be described in the next paragraph. The HO-FDTD will be executed on solution domain given by Fig. 1(a) . Fig. 1 (a 
) Solution domain for HO-FDTD method and (b) Solution domain for WAHSHO (3)-FDTD method
As mention before, the black nodes are the known electric fields and the white nodes are the unknown electric fields. These remaining points are only calculated at the pre-specified time step. Assuming that at the pre-specified time step, the time varying field becomes the static field without the existing volume charge density, the electric field will follow the Laplace behaviour. For one dimensional case
Applying the central difference approximation to (9) yields 0 2
Let look at solution domain in Fig. 2 below 
We can rewrite these two equations in matrix form as below Extracting from the matrix equation above yields
Equations (13) and (14) will be used to calculate the remaining node points base on the nearest neighbour known node points.
V. NUMERICAL EXPERIMENTS AND RESULTS
In this paper, we execute the direct domain approach of WAHSHO (3)-FDTD method. The effectiveness of the method is analyzed by executing a one dimensional free space wave propagation problem with Gaussian pulse as the point source. We generate a Gaussian pulse at the middle of the solution domain of 2 meter, truncated with perfectly electric conducting condition. To ensure the accuracy of the simulated result, the solution domain is discretize into 600 grid points with cell size of 0.0033 meter and time slice size of 5. In this experiment, to check the accuracy of both WAHSHO(3)-FDTD and high order FDTD methods, the "magic time step" FDTD algorithm is used as the control scheme. The algorithm is chosen because of it can simulate dispersion less solution of simulation [1] .
The results of simulations are analyzed and summarized in TABLE I and II. From TABLE I Fig. 3 Gaussian pulse generated in the middle and propagates towards the perfectly electric conducting boundary condition VI. CONCLUSIONS The WAHSHO (3)-FDTD method give us the opportunity to solve 1/3 grid point of the solution domain in the main loop of WAHSHO (3)-FDTD and the remaining point only at the required time step. Albeit the complexity per node point increases, the overall complexity in the solution domain for WAHSHO (3)-FDTD still less than the higher order FDTD. This is the reason why WAHSHO (3)-FDTD has better speed than the high order FDTD algorithm. Performance of this scheme was tested for problem in one dimensional free space propagation with perfectly conducting boundary condition. The accuracy of both methods is then compared relatively to "magic time step" FDTD result. The major advantages of this scheme are it requires less processing time and has higher accuracy than the high order FDTD. It is clearly shown that WAHSHO (3)-FDTD is better than high order FDTD in onedimension for free space wave propagating simulation.
